quantitative data extraction. The experimental data are obtained by a digital camera (Infinity 1, Lumenera Corp, Ottawa, Canada) monitoring PDMS channel from the top. A novel method is developed to fabricate the length-controlled clot sections in PDMS channels.
The clotting process is slowed down by mixing all the reagents at about 0 C, and the flow-able "clot" is injected into the PDMS channel to form uniform clot segments as described in the Experimental section in the main text. The light-yellow sections in the PDMS channels, as 4 shown in Figure S2(a) , are the clot segments. Figure S2(b) shows the tangled clot after it is removed from a channel after fully reacted.
In-vitro experimental data treatment method
The boundary moving is determined by the dye front moving in the PDMS channel. Since Rhodamine B (RDB) is a red colored dye, the grayscale in green color channel of the video image represents the RDB absorbance, which will depend on the RDB concentration and gives the best contrast, as shown in Figure S3 During the thrombolysis process, the grayscale value G of each channel is first averaged in ydirection,
where h is the height of the image or channel width. Thus, G is a function of x coordinate only.
The concentration of RDB is able to be estimated by,
The boundary of the reaction solution and clot interface X boundary is defined at where reaches the maximum value. The clot dissolving speed can be extracted by liner fitting of function 
In-vivo experimental setup
The rotational magnetic field employed for a rat embolic model is induced by permanent magnets. As schematically shown in Figure S4 
Theoretical analysis on thrombolytic enhancement

Diffusion-controlled reaction of thrombolytic process
The clot remove process is a classic mass transport governing reaction process, and it could be simplified into 3 sub-process: (1) t-PA molecules (T) diffuse to the fibrin surface and bind onto fibrin lysine sites (S) to form t-PA-lysine complex (ST); (2) t-PA-lysine complex (ST) activates plasminogen into plasmin which cleaves fibrin into soluble product (P); (3) Product (P) desorbs from the fibrin surface and exposes new lysine sites, as proposed in Figure 4 (b) in the manuscript and expressed in Eq.S9,
Here, k T is the adsorption rate of t-PA molecules on the fibrin surface and k P is the desorption rate of product P removing from the fibrin surface. The process ST  SP involves multiple steps of bio-chemical reactions, and the intrinsic reaction rate is characterized by k TP .
The thrombolysis rate is determined by how fast sub-processes (1) -(3) happen sequentially and is dominated by the slowest sub-process. For different concentration of t-PA, the overall thrombolysis could either belong to a diffusion limited reaction or a reaction limited process. The rate of diffusion limited reaction would depend closely on the t-PA bulk concentration, while a reaction limited process will be independent on the t-PA concentration, as well known in all chemical reaction systems. To confirm whether our current experiment condition (t-PA concentration = 50 μg/ml) belongs to a diffusion-or reaction-limited process, we have conducted a t-PA concentration dependent clot lysis speed experiment in the eight channels of our fluidic system, and the result is shown in the Figure S5 below. From Figure S5 , when C tpa  200 μg/mL we can see the clot lysis speed v T = 55 μm/min and it is saturated at higher C tpa . At C tpa = 50 μg/mL, the clot lysis speed v T is about 35 μm/min and depends strongly on C tpa , which
is a clear demonstration of diffusion limited process, i.e., the transport (diffusion) of t-PA to the surface of clot is the slowest step to determine the overall reaction rate. Therefore, the t-PA molecular mobility or the diffusion coefficient can be enhanced through the rotating nanorods, and thus lead to enhanced reaction rate. Furthermore, the maxima clot lysis speed is limited at about 2 times as the speed at C tpa = 50 μg/mL, which is consistent to the rod enhanced experiment.
Figure S5
The clot boundary moving speed v T versus the t-PA concentration C tpa
Theoretical model of thrombolytic enhancement
As shown in Eq.S9, assuming the coverage of ST on the surface is Θ 1 while the coverage of SP is Θ 2 , and the coverage for the vacant lysine sites should be 1- (Eq.S10)
The removal rate of product P with N P available sites is, .
(Eq.S11)
Under equilibrium, Eq.S10 gives, .
(Eq.S12)
Combining Eq.S11 and Eq.S12, we have, .
(Eq.S13)
Eq.S13 shows that the thrombolysis speed is determined by the reaction coefficients of all three steps in the thrombolytic model of Eq.S9. According to the experimental observation, however, if we consider a diffusion limited process, i.e, k TP >> k T and k P >> k T , Eq.S13 reduces to, .
(Eq.S14)
If every productive molecule P frees a volume V P from solid clot by dissolving process, then the observed clot dissolving speed in our experiments can be expressed as, , (Eq.S15)
where A c is the cross-section area of the PDMS channel, Φ is the porosity of clot which can be assumed to be a constant. , which is proportional to the distribution of flow velocity along the rod and the shaped determined constant
. For a rod of length L = 1 μm and diameter d = 0.5 μm rotating at frequency f = 20 Hz, the induced torque . With all known conditions, for example, when C R = 7mg/mL, the highest concentration used in our experiments, the average hydrodynamic velocity induced by rotating rods is about 11 μm/s; while C R = 1mg/mL, μm/s. Since the diameter of t-PA soluble molecule is about 10 nm 7 , the thermal diffusivity of t-PA molecules without rods can be estimated using Einstein's theory, , (Eq.S25)
where k B , T and  are the Boltzmann constant, temperature, and viscosity of water, respectively.
According to results of Eq.S23, with Eq.S25, we have Peclet number Pe in Eq.S19 varies from 1.6 to 3.1 when C R changes from 1 to 7 mg/ml in our experiments. When the Peclet number Pe is small (Pe<3) 2 , the flow scaling law is valid for rigid-boundary conditions and the convectional flow enhanced diffusivity in Eq.S18 can be estimated as 3, 8 , , (Eq.S26)
where a is a constant regarding to the flow field.
Combining Eq.S15-Eq.S26, the theoretical prediction of thrombolysis observed in our When C R = 0, Eq.S27 degrades to,
Here, the thrombolysis speed v T (without rods) is proportional to C tpa . This is true in the region of low concentration of t-PA, as shown in Figure S5 . Obviously, C tpa = 50 μg/ml for the rod enhanced thrombolysis is in the linear region of our experiments. Thus, the coefficient in Eq.S28 can be extracted from the slop of the curve in the linear region in Figure. S5, as shown in the insert plot, and we obtain = 3.03×10 , which is in the same order of magnitude estimated by the theory (Eq.S19). The discrepancy between the experimental value and the theoretical value could be due to the hydrodynamic effect of "rod cluster".
The effect of nanorods aggregation
The nanorods were treated by PVP to enhance the stability. When no external magnetic field applied, the rods of both low and high concentration suspended in the solution are uniformly distributed. However, it is observed they will form chain-like structures under a static external magnetic field. When the magnetic field is rotating, such chain structure will either maintain to rotate as "big rod" or break down into rods clusters as individual rotates 9 . We performed an experiment to test the cluster size of nanorod solution at different concentration under current experiment condition. If the cluster is not circular, the longest diameter will be used. Figure S6 shows the average cluster size versus nanorod concentration for our experiments. 
cluster, the arrangement of rods in a cluster is unknown. where is the new proportionality of enhanced thrombolysis Δv with respect to due to the presence of cluster. Then we can estimate the error bar of v R+T using the uncertainty of rod-cluster size, .
(Eq.S33)
According to Eq.S33 and Figure S6 , the error bar of thrombolysis is predicted to increase by the rod concentration C R , which is consistent to the trend of the experimental data in Figure 3(d) .
Moreover, the term of n 4/3 in Eq.S32 suggests the elevation of thrombolysis due to the hydrodynamic effect of clusters rather than rods.
The role of mechanical stimulation
The nanorods indeed have mechanical interaction with clot fiber. However, the force due to this interaction is too weak to break the clot fiber. Two evidences support this claim.
First, there is always a control channel only with nanorods in our experiments like channel R in Figure 3(b) . In this channel, a lysis process can never been observed, instead, a diffusion process has always been observed as we reported in the manuscript (Page 6 Line 1). Figure S7 shows the first derivative of dye concentration profile and the corresponding Gaussian fittings of R and D channels in Figure 3(b) . The parameter μ describes the central location of the Gaussian curve
and could be treated as the position of clot/dye diffusion boundary.
Figure S7
Change rate of dye concentration along the clot region Figure S8 shows the plot of μ vs. t and simple liner fittings are given. According to Figure S8 , the clot/dye boundary is moving in both D and R channels, and has almost the same speed (about 9 μm/min). 
This speed is coming from the staining process of clot since the clot is light yellow color and the stained clot appears a darker color than the dye solution. So the central location of the Gaussian curve will move accordingly. However, this does not mean that the clot is being dissolved. If the mechanical stimulation could enhance the clot lysis, we should expect a very different boundary moving speed in the R channel from in the D channel (a large slope in Figure S8) , which is not the case in our observation.
Second, the mechanical force on a fibrin fiber by a rotating rod can be theoretically estimated.
The Ni nanorod is modeled as a point-like magnet, as shown in Figure S9 . Inside a uniform magnetic field, the magnet is subjected to a torque , , ( , and several thousands of parallel fibrils can be counted in a fiber cross section 13 . It means that it would take a force of ~ 1 μN to cause any damage to a fibrin fiber. As estimated above, the Ni nanorod can only exert a force about 1 nN.
Thus, these nanorods cannot do any damage to individual fibers.
Therefore, from both experimental and theoretical analyses, we could conclude that the mechanical interaction between the magnetic nanorods and clot could hardly play an appreciable role in our present experiments of t-PA mediated thrombolysis. 
